Physics laboratories are currently under pressure to reform due to the growing evidence that students are not learning effectively in the lab. Unfortunately, there is no consensus on what the most important goals for the laboratories should be or how to implement them. With the overall value and purpose of physics laboratories in question, we have set out to determine the opinions of the students themselves. How valuable do students perceive physics labs to be, what skills do they find useful in the lab, and what kinds of lab technologies do they prefer? We accomplished this through a nationwide cross-sectional online survey of physics majors, at both undergraduate and graduate levels, receiving responses from a total of 445 students from 20 post-secondary Canadian institutions. The present survey shows that students recognize the usefulness of many laboratory aspects. However, despite the best intentions of educators, there are a few components that students do not find as useful.
The laboratory is an integral part of the physics curriculum at almost all universities, with hundreds of thousands of students partaking in laboratory activities around the world every year. Labs are generally strongly valued within the physics community, stemming from the idea that they can motivate and enthuse students, as well as teach them an assortment of skills and concepts. Despite their potential value, along with huge amounts of required space, equipment, and human resources, the effectiveness of learning in laboratories has been questioned [1] [2] [3] [4] [5] . As a result, many physics departments have made attempts to improve their instructional approaches in the laboratory in a variety of ways, particularly focusing on learning by inquiry. There is an enormous breadth of lab activities, teaching strategies, and educational technologies, including computer-based and even virtual labs [6] [7] [8] [9] [10] . Therefore, it is not surprising that the laboratory took centre stage as the theme of the 2015 Physics Education Research Conference [11] .
The variety of instructional approaches reflects the diversity of learning outcomes for physics laboratories [12] . Most often cited goals include development of critical thinking skills, learning how to use lab equipment, improving understanding of concepts learned in lectures, perform experimental data and uncertainty analyses, fostering students interest in physics, and development of collaboration skills. Similar lists of goals have been outlined by Wieman [3] and by the American Association of Physics Teachers [13] . Faced with these diverse learning expectations, educators passionately debate the types of laboratory experiments that are best suited to fulfill the wide range of objectives, and there is a definite lack of consensus towards the serious purpose of the laboratory. For instance, recent research shows that labs do not improve conceptual understanding of physics, as measured by exam results for two first-year courses, one with and one without a lab component [2] . From this result one could argue that the goals should be more skills focused.
There is also increasing usage of computer-based lab technologies. For example, in microcomputer-based labs (MBL), or simply known as "computer-based labs", students use a computer and associated probes (e.g., temperature, motion, sound, etc.) to collect, visualize, and analyze data obtained during the experiment. These tools are sometimes referred to as "inquiry empowering technologies" [14] , since the automated data analysis process allows more time for (and possibly even enhances) conceptual and critical thinking. For these reasons it has been argued that MBLs offer an improved lab experience involving techniques that reflect actual methods used in research [15] [16] [17] [18] .
Another example is virtual physics labs, in which a simulated physics experiment is done entirely on a computer. With increasing advances in technology and the quality of simulations, the convenience and the cost effectiveness of virtual labs have made them more popular as an option for distance and online education [19] . The use of this technology can already be seen in a flipped classroom approach at the University of British Columbia [20] where first-year physics labs take place online. Moreover, a study by Finkelstein et al. [9] showed that substituting a computer simulation for real laboratory equipment led to better conceptual and practical understanding. In another study, Darrah et al. [21] found that virtual labs can be just as effective as traditional labs in terms of learning outcomes. While there is clearly a huge potential gain from technological advancements in physics labs, it is imperative to understand how to implement them to maximize student learning.
Efforts have been put forth to elucidate what and how students learn in the physics laboratory [14, [22] [23] [24] , but designing this type of research is challenging, as there are many confounding variables that are difficult to avoid. Ideally, any such research endeavour should be a properly designed experiment with large study and control groups, covering multiple institutions and levels, supplemented by qualitative studies that include interviews and observations. Although such research is our future goal, we present here our immediate first step: a cross-sectional survey covering all levels of undergraduate and graduate physics, astronomy, biophysics and other physics-related disciplines. The cross-sectional design of the study highlights students' changing perspectives regarding learning in the physics lab.
For instance, should the goals for first year labs be different than higher level labs, and if so, in what ways? Our survey reveals a number of issues that should help in designing a more extensive study regarding learning effectiveness in the laboratory.
The methods of the present study are described in Sec. II. Survey results are given and discussed in Sec. III. Finally, we provide our concluding remarks and outlook in Sec. IV.
II. METHODOLOGY
The present study consists of an internet-based survey created through Google Forms.
The population of this study is university physics students in Canada. We contacted the In total, 445 responses from 20 institutions were received. The complete breakdown of the number of respondents is shown in Table I . The proportion of respondents coming from each institution varied in the percentage of students responding, ranging from 1%
coming from the University of Prince Edward Island to 14% from the University of Toronto.
Although the latter institution is the largest in our sample, responses from other institutions are comparable in size, such as York University (12%), Carleton University (10%) and the University of Victoria (10%).
The survey required students to identify themselves by academic (class) level and average grade. For class levels, the survey asked, "What level of physics courses are you currently taking?" with five options ranging from four undergraduate (UG) levels and the graduate level (GL). The grades were self-reported by the students, as the survey stated, "Identify the percent range that best describes your average grade," and four options were given: (i) below 70% (C+ and below), (ii) between 70 to 79% (B-to B+), (iii) 80 to 89% (A-to A), and (iv) above 90% (A+). Table II shows the sample population distribution with respect to both class and grade level, demonstrating a fairly even distribution across all levels with the exception from the "below 70%" and GL groups.
Survey participation was entirely voluntary and anonymous for all students. To encourage students to participate, 10 electronic gift cards of equal monetary value were offered to randomly selected participants. When students click the link to the survey, they are to collect and analyze data)." As the descriptions implies, the focus of this question is to gauge students' preference on the interaction with equipment/instruments, and not on the instructional method (e.g., conceptual-based discovery style) since this can differ across institutions.
Statistical analyses were performed on the survey responses to determine whether certain variables are related. The main objective of this work is to compare survey response distributions across class levels. While comparisons were also performed on survey responses grouped by grade levels, they were found to be insignificant, and thus, they are not highlighted in this report. To carry out the analyses, the appropriate statistical test was applied to each question where the standard p-value is obtained. We follow the standard convention where if the p-value is less than the significance level α, which was assigned to 0.05 in this study, then the test indicates a significant difference. Moreover, the effect size of each test is also provided since the p-value is insufficient to make an appropriate interpretation [25] [26] [27] . All statistical tests and graphs were produced using the Statistical Package for Social Sciences (SPSS). In this report, all computed effect sizes are classified according to Ref. [25] . We made note that certain labels in SPSS can be misleading and that they have been properly used in this study for effect size calculations [34] . Results of all statistics are reported using the American Psychology Association (APA) style. The results and interpretation of our analysis are presented in the following section.
III. RESULTS AND DISCUSSION

A. Overall physics lab experience
We present the results of each of the three lab-related survey questions. Beginning with Q.1, Figure 1 shows the relative frequency plot of students responses regarding the overall By considering the entire sample population, the plot shows that a large proportion of students find that their overall learning experiences in physics laboratories hold much value or more (M = 3.6, SD = 1.11, N = 445). Specifically, about 58% of respondents rated physics labs with much value or more, 26% with average value, and the remaining respondents (16%) with limited or no value. In other words, the survey results show that students' overall value of the physics lab is positive.
In more detail, Table III shows the mean value for each class level. It is of interest to see whether there is any significant differences of the perceived value of physics labs between class levels. We hypothesized that a large proportion of GL students would have a greater value towards physics labs compared to UG-1 students simply because GL students would have taken more advanced courses, and had a chance to build on and appreciate the valuable skills learned in the lab. However, the survey did not demonstrate any significant difference in the mean value level of physics labs across all classes; F (4, 440) = 1.16, p = 0.33, ω 2 < 0.001.
Considering the small effect size, this suggests that students' perceptions of the overall value of physics labs are not significantly altered as they progress through their physics education career.
B. Useful physics lab aspects
Next in Q.2, students were asked to select the learning aspect(s) of physics labs that they found useful. Students were allowed to select more than one option for this question, but their selections were not ranked. The items listed in the survey were based on the most common learning outcomes and expectations in a typical science laboratory curriculum. We offered the following aspects in the survey:
• Group collaboration.
• Learning to gather and analyze data.
• Learning to perform uncertainty analysis.
• Getting hands-on experience with lab equipment.
• Enhancing critical thinking skills. The survey also allowed students to report other useful aspects under the 'Other' category.
If students do not find any aspects useful, an option for 'None' was available as well.
Responses regarding the useful aspects of physics labs are shown in Fig. 2 . Some labels in the vertical axis were shortened for presentation purposes but follows in the order of the list mentioned above. Table IV There are some response distributions to comment on. In the uncertainty analysis category, the proportion of positive responses increases with respect to class level (see Fig. 2 and Table IV ). However, no association was found between a student's attitude towards to use this aging equipment, which can lead to frustration when it fails to function properly.
Another possible scenario is that, coming from high schools with limited resources, UG-1 students have a high sense of excitement being introduced to sophisticated lab equipment (i.e., a sense of novelty). However, since physics labs are more frequent at the post-secondary level, this sense of excitement might diminish as students advance in their education.
Group collaboration was the aspect with the fewest responses, selected by 38% of students in the sample population. Peer collaboration has shown to enhance conceptual learning and problem solving in the physics classroom [35] [36] [37] , as well as improve students' attitudes and communication skills [38] [39] [40] . For this reason, pair or group work is a common practice for introductory labs. Being able to work as a team is also an invaluable skill from the perspective of employers.
From the survey results, more than half of the sample population did not select group work as a useful aspect. Based on typical complaints from students, such as dealing with slacking group members (also known as "free-riders") [38, 41] , having disagreements, and the unfairness of sharing a grade, they probably think that the drawbacks outweigh the value.
Another factor that can also diminish the benefits of group work is poor use of grouping techniques. For example, grouping students by ability can improve academic performance for weaker students [42] [43] [44] , but as Randall [45] pointed out, this type of cooperative learning may place a burden on stronger students. The present survey results indicate that academic ability is associated with perceptions about the usefulness of group work in labs; χ 2 (3, N = 445) = 9.90, p = 0.019, V = 0.15. However, since the effect size is small, the difference is not large. A recent work by Harlow et al. [46] also showed that students' satisfaction can be different if students are grouped differently by strength (mixed or sorted), but the difference in satisfaction was found to be small.
The aspect of enhancing critical thinking skills in the physics lab resulted in the second fewest number of responses in our survey. Specifically, about 50% of the sample population found this aspect useful. This could be explained by the fact that many physics labs may still be using the expository cook-book style where students mainly follow a series of instructions to collect data in experiments [47] . Not surprisingly, this style of teaching labs has often been criticized to not meet inquiry expectations [48] such as ones set by the National Science In general, we see that students that found physics labs to be of average value or more in Q.1 selected three or more aspects in Q.2. In contrast, students that viewed physics labs to be of limited value or less in Q.1 selected no more than three items. Perhaps an encouraging observation seen from the responses in Table IV is that only 5 out of 445 respondents selected 'None'. In the 'Other' category, students input different aspects of the lab that they found valuable, some of the notable responses being,
• Equipment/apparatus debugging,
• Narrowing the field of interest within the Physics discipline,
• Further experimentation,
• Learning how to write formal lab reports,
• Learning the process to verify hypotheses (i.e., the scientific method).
C. Traditional versus computer-based physics labs
Finally, in Q.3, students were asked about the setup of the physics labs that they prefer.
The choices given for this question were: traditional lab, virtual lab, and microcomputerbased lab. We also included an option for 'No preference/opinion'. Students can only select one answer for this question. Figure 3 shows the results for this question and Table V shows the numerical breakdown of these responses.
We hypothesized that students in upper UG years and GL would favour traditional labs over virtual labs since these students would have gained a better understanding and appreciation for various advanced laboratory skills and techniques. However, by comparing the response distribution across class levels (Table V) , we see that they are similar to one another. Hence, our survey results did not demonstrate any association between a student's class level and their preferred lab setup; χ 2 (12, N = 445) = 10.97, p = 0.53, V = 0.09.
We hypothesized that MBL would be a more popular choice than traditional labs due to the advanced instruments involved in the former for efficient data collection. However, present results show that the traditional lab is the most popular choice with a relatively large disparity to MBL (Fig. 3) . We can relate this result to responses from Q.2 where students seem to value the data and uncertainty analysis aspects of labs (see Fig. 2 ), appreciating the fact that these skills cannot be fully developed in lectures. The MBL approach makes some of the data collection automated, meaning that students would potentially miss out on learning these fundamentals. This does not suggest that MBL technologies should not be used in physics labs, but that students might not want all labs to have computerized data collection.
Virtual lab had the fewest number of selections. The large disparity between traditional and virtual labs could be due to the fact that the latter is, at least in physics education, not a common teaching practice [50] . As a result, it is possible that some students cannot make a good comparison between the two styles of labs. However, we can partially understand this disparity by referring to Fig. 2 where students really value the hands-on aspects of traditional labs, such as working with lab equipment. In the study by Bhargava et al. [19] where the efficacy of a web-based virtual torsion laboratory was investigated, results of a survey showed that most students (65%) would prefer doing physical labs than virtual ones (19%). Some of the most cited reasons for this include: enjoyment of hands-on experience, being able to observe the physical experiment, and having a teaching assistant present to answer questions [19] . This type of response can be seen in non-physics majors as well [51] .
It is clear that the features of traditional labs are difficult to produce or replicate in a virtual environment.
IV. CONCLUSIONS AND OUTLOOK
Physics laboratories can be an immensely important component of physics education at the university level. With large amounts of resources required to develop and maintain physics labs, finding methods to optimize student learning in the lab environment is a growing field of research. There is indeed a desire to be more innovative in designing the lab curriculum, both in the instructional approach, as well as in the use of educational technologies. More research is desperately needed regarding what and how students learn in the lab, and thus how to proceed with improvements in lab design.
Based on the present nationwide cross-sectional online survey of physics majors, students believe that their own laboratory experiences have been valuable. When asked to select lab aspects that students find useful, the most popular choice was getting hands-on experience with equipment, followed closely by learning uncertainty and data analysis skills. We are thus led to believe that students really enjoy the physical aspect of working with lab equipment, and appreciate the lab's ability to teach valuable data and uncertainty analysis methods.
This is consistent with their responses in regards to experiment interaction, in which students showed a strong preference for physical equipment in traditional labs as opposed to virtual labs. Concerning all questions, the survey did not reveal any significant association between the students' perceptions of physics labs and their class level.
In the present survey, group collaboration, engaging in critical thinking, and applying theoretical concepts were the least selected aspects of physics laboratories. This is somewhat discouraging as these are some of the fundamental desired learning outcomes of labs.
Encouraging team work that is constructive and valuable for all students should be one of the priorities in physics laboratories. Additionally, current efforts to improve physics labs are focusing on enhancing critical thinking using an inquiry based approach [14, 52] . Designing labs that reflect the scientific process could engage students in developing their inquiry skills and strengthening their perceptions about scientific research. Nevertheless, the other important learning goals of labs should not be diminished.
The list of desired learning goals for physics laboratories is undoubtedly staggering, and the importance of each goal can be fully justified. Referring back to Fig. 2 , although the relative frequencies vary in each category, it is evident that students generally do recognize all of these learning aspects to a large degree. This is overwhelming for instructors trying to create a lab curriculum that can successfully implement every aspect. A single lab experiment cannot reasonably accomplish all goals. Rather than trying to incorporate all of these aspects into a single lab, it might be more beneficial to design labs that are more specialized, with each experiment focusing on a smaller subset of skills. For example, some labs can emphasize data collection and graphing analysis, others can focus on uncertainties and model testing, and so forth. Throughout a student's entire physics education, performing many experiments, they should have an opportunity to develop all of these skills.
Lastly, let us remark on the potential impact of new lab technologies. Concerning virtual labs, the low positive responses could be related to the high value placed on the hands-on aspect of labs from students; a result that was also observed by Bhargava et al. [19] . However, this could just be an issue of students' not recognizing the actual learning outcomes of virtual labs [7, 9] . Living in a technology-centred era, virtual lab simulations are improving 
